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Summary in Swedish 
Konjunkturinstitutet har analyserat om företagens miljöskyddsinvesteringar har en 
positiv inverkan på industrisektorernas effektivitet, och därmed i förlängningen om 
det lönar sig att ”gå före” i miljöpolitiken. Analysen baseras på internationellt sett 
unika data på miljöskyddsinvesteringar inom svensk tillverkningsindustri som möjlig-
gör en uppdelning i typ av investeringar (förebyggande eller behandlande) och typ av 
miljöområde (luft, vatten, avfall, eller övrigt). Resultaten visar att det inte finns något 
stöd för hypotesen att miljöskyddsinvesteringar har en positiv effekt på företagens 
effektivitet. Möjliga förklaringar är att: 1) det finns inget samband mellan miljöskydds-
investeringar och effektivitet; 2) miljöskyddsinvesteringarna är små i relation till de 
totala kostnaderna och därför är det svårt att statistiskt isolera effekterna av invester-
ingarna; 3) den eventuella effekten av miljöskyddsinvesteringar på effektivitet sker 
över en längre tidsperiod än vad vi har kunnat analysera.  
BAKGRUND  
I svensk miljöpolitik väljer man ofta att ”gå före” andra länder. Ett syfte är att visa att 
det går att förena offensiv miljöpolitik med hög ekonomisk tillväxt. För att motivera 
politiken används argumentet att det stimulerar svenskt näringsliv till teknologisk ut-
veckling och ökad konkurrenskraft, vilket bidrar till ökad ekonomisk tillväxt. Denna 
argumentation står emellertid inte oemotsagd. 
 
Ett vanligt argument är att ökade miljökrav försämrar produktiviteten och leder till 
försämrad konkurrenskraft internationellt. Det är framför allt två faktorer som anses 
bidra till den försämrade konkurrenskraften: dels leder ökade miljökrav direkt till hög-
re produktionskostnader, och därmed lägre produktivitet gentemot konkurrenterna, 
och dels tränger miljöskyddsinvesteringar undan mer produktiva investeringar, vilket 
hämmar produktivitetstillväxten.  
 
I början av 1990-talet ifrågasatte Harvardprofessorn Michael Porter det här synsättet 
genom vad som har kommit att kallas Porterhypotesen. Han menar att rätt utformad 
miljöpolitik leder till högre produktivitet och därför till förbättrad konkurrenskraft. 
Han hävdar till och med att ett land som för en ambitiös miljöpolitik av ”rätt sort” 
stärker sina konkurrensfördelar i förhållande till andra länder på den internationella 
marknaden. Den ytterligare ekonomiska tillväxten som blir resultatet kommer därmed 
att väga upp de investeringskostnader som den tuffa miljöpolitiken initialt medför. 
Om hypotesen stämmer kan miljöpolitik bedrivas till låga eller inga kostnader. Förut-
sättningen för att styrmedel ska kunna generera denna utveckling vilar, enligt hypote-
sen, på att miljöstyrningen utnyttjar marknadens prismekanism. Det innebär att miljö-
politiken ska sträva efter att använda ekonomiska styrmedel såsom skatter och avgif-
ter. Porterhypotesen har tidigare testats på data från olika länder och för olika bran-
scher, utan att man har funnit något generellt stöd för hypotesen.  
SYFTE OCH METOD 
Syftet är att analysera om miljöskyddsinvesteringar påverkar företagens totala effektivi-
tet i produktionen. Total effektivitet utgörs av komponenterna Management effektivi-
tet och Teknisk effektivitet, och är ett mått på hur mycket ett företag faktiskt produce-
rar i jämförelse med en potentiellt maximal produktion vid en given tidpunkt. Total 
effektivitet säger därmed något om möjligheterna att öka produktionen, dvs. produk- 
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tiviteten, utan att det för den skull krävs teknologisk utveckling. Råder Management 
ineffektivitet finns det potential till att öka produktionen givet de insatsfaktorer (kapi-
tal och arbetskraft) och den produktionsteknologi som företaget redan förfogar över. 
Exempelvis skulle det kunna handla om att effektivisera organisationsstrukturen. Rå-
der Teknisk ineffektivitet finns det potential till att öka produktionen givet insatsfak-
torerna genom att investera i en redan utvecklad och effektivare produktionsteknologi.  
 
I den empiriska analysen testas Porterhypotesen på ett nytt sätt. SCB:s undersökning 
om industrins miljöskyddskostnader möjliggör att data på miljöskyddsinvesteringar 
kan delas upp på förebyggande och behandlande åtgärder, vilket är unikt inom den 
internationella forskningen på området.4 Detta är speciellt relevant, eftersom det är 
främst de förebyggande åtgärderna som enligt Porterhypotesen leder till stärkt kon-
kurrenskraft. Dessa åtgärder stimulerar i större utsträckning till innovationer med 
effektivare resursanvändning. Vi kan därmed analysera om företagens effektivitet på-
verkas olika av investeringar som renar utsläpp jämfört med investeringar som medför 
renare produktionsprocesser. Vidare betraktas i analysen miljöskyddsinvesteringarna 
som ett mått på det samlade miljöregleringstrycket.5 Om denna tolkning av miljö-
skyddsinvesteringar är rimlig utgör de en del av kostnaden för miljöpolitiken, utöver 
möjliga kostnader i form av att t ex andra mer produktiva investeringar trängs undan.  
 
Mer konkret genomförs analysen i två steg. Först uppskattas företagens totala effekti-
vitet med en produktionsfunktionsansats och sedan används en modell för att analyse-
ra hur den denna effektivitet påverkas av behandlande respektive förebyggande miljö-
skyddsinvesteringar. Detta sker dels på aggregerad nivå (för Trävaru-, Massa och pap-
pers-, Kemisk-, Gummi och plastvaru- samt Stål och metallindustrierna gemensamt), 
och dels för de enskilda sektorerna var för sig. Analysen genomförs dessutom med 
förebyggande och behandlande miljöskyddsinvesteringar uppdelade på olika miljöom-
råden (luft, vatten, avfall och övrigt).  
 
Tabell 1 visar hur miljöskyddsinvesteringarna i vårt urval varierar mellan olika sekto-
rer. Totalt sett utgör miljöskyddsinvesteringarna mindre än 1 procent av industrins 
rörliga kostnader. Miljöskyddsinvesteringarna är lägre för trävaruindustrin och högre 
för massa- och pappersindustrin oavsett miljöområde. Tyvärr ingår inte investeringar 
för att minska koldioxidutsläppen och för att energieffektivisera i SCB:s undersökning 
om industrins miljöskyddskostnader. 
                                                      
4 Förebyggande investeringar kännetecknas av att: (1) de minskar uppkomsten av utsläpp från själva 
produktionsprocessen; (2) de möjliggör användning av mindre miljöpåverkande insatsvaror; (3) de medför nya 
och mindre miljöpåverkande utrustningar och processer. De behandlande investeringarna kännetecknas av att 
de inte påverkar själva produktionsprocessen. Deras syfte är att ta hand om och behandla utsläppen som 
företagets verksamhet ger upphov till, förhindra spridandet samt mäta utsläppsnivåerna (SCB, 2004). 
5 I allmänhet kan miljöinvesteringar förklaras av en kombination av regleringar, skatter och avgifter på 
miljöområdet, samt vara ett uttryck för att företag satsar på att miljöprofilera sig. I föreliggande studie utgår vi 
ifrån att huvuddelen av miljöinvesteringarna sker på grund av att företagen är tvingade till det.   7 
Tabell Genomsnittliga miljöskyddsinvesteringar för företagen under perioden 
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RESULTAT OCH DISKUSSION 
På en övergripande nivå finner vi inget stöd för Porterhypotesen. En tolkning är att 
det inte existerar något samband mellan företagens miljöinvesteringar och produktio-
nens effektivitet. En annan möjlig förklaring är att företagens miljöskyddsinvesteringar 
är små jämfört med deras övriga kostnader. Miljöregleringarna är kanske därmed inte 
tillräckligt stringenta för att de ska påverka företagens effektivitet. En tredje orsak kan 
vara att den eventuella effekten av investeringarna är tidsfördröjd och att vårt datama-
terial inte omfattar en tillräckligt lång tidsserie. 
 
Det finns även andra problem relaterade till tolkningen av resultaten. Miljöskyddsinve-
steringar kanske inte är ett bra mått på hur stringenta miljöregleringar är. Det finns 
åtminstone två anledningar till detta. För det första kan företag på egen hand välja att 
genomföra miljöinvesteringar. De kanske finner det företagsekonomiskt lönsamt att 
miljöprofilera sig på en marknad där konsumenterna blir alltmer miljömedvetna. Det 
krävs alltså inte nödvändigtvis någon form av politiskt beslutad reglering för att före-
tag ska miljöskyddsinvestera, och därmed speglar inte heller miljöinvesteringarna poli-
tiskt beslutade regleringsnivåer. I detta fall överskattar vi miljöregleringstrycket. För 
det andra kan det vara svårt att separera miljöskyddsinvesteringar från andra invester-
ingar. En anledning är att miljöskyddsinvesteringar inkluderar både rena miljöinvester-
ingar och den del i en investering som kan motiveras av miljöregleringar. Den här 
effekten kan ytterligare förstärkas eftersom det är upp till företagen att avgöra hur stor 
del miljöinvesteringen utgör. Ett exempel där det har varit svårt att klassificera inve-
steringar är när de riktar sig mot vattenföroreningar. Några av industrierna använder 
så kallat processvatten som renas för att återanvändas i produktionen. Investeringar 
för att rena processvatten motiveras av vinsthänsyn och inte av miljöregleringar och 
ska därför inte betraktas som miljöskyddsinvesteringar. Sådana investeringar har, i 
vissa fall, klassificerats som miljöskyddsinvesteringar i SCB:s datamaterial, och är där-
för också ett skäl till att vi överskattar miljöregleringstrycket. Detta problem är för-
modligen allvarligast för vattenintensiv produktion, det vill säga för industrierna massa 
och papper, kemi samt stål och metall.  
 
Vi vill vi betona att det är en mycket komplex uppgift att på ett korrekt sätt testa Por-
terhypotesen, vilket kan vara en anledning till att föreliggande studie, tillsammans med 
en stor del av tidigare empiriska studier, inte finner något stöd för hypotesen. Svårig- 
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heterna är gemensamma och består bl a av: (1) att det är svårt att empiriskt mäta om-
fattningen/styrkan av miljöregleringarna som företagen möter på ett adekvat sätt; (2) 
att den miljöpolitik som faktiskt förs har svårt att uppfylla de kriterier som Porter 
nämner som förutsättningar för att politiken ska ha positiv effekt på företagens effek-
tivitet. Exempelvis är miljöregleringar ofta administrativa till sin karaktär och går där-
med emot Porters syn på hur miljöpolitik bör utformas. 
 
Slutligen, att vi inte hittar något generellt stöd för Porterhypotesen ska inte ses som ett 
argument mot väl utformade miljöpolitiska styrmedel. Det primära syftet med att få 
företagen att investera i miljöskydd är inte att höja företagens produktivitet utan att 
minska deras miljöpåverkan.   9 
1. Introduction 
Swedish environmental policy often emphasizes the importance of “taking the lead”. 
For example, Sweden has chosen a more ambitious climate policy target than required 
by the European Union (EU), namely a reduction of Swedish emissions of greenhouse 
gases by 40 percent by 2020 compared to the 1990 level. Government Bill 
2008/09:162 emphasizes Sweden’s role as a good example in making an effort to re-
duce climate change by showing that an offensive climate policy can indeed be com-
bined with high economic growth.6 This view of environmental policy is, however, the 
subject of constant debate.  
 
A common argument is that environmental requirements induce private costs by forc-
ing firms to make investments that crowd out other more productive investments, 
which hampers productivity growth and therefore competitiveness.7 Professor Mi-
chael E. Porter of Harvard questioned this argument, and his view has become known 
as the Porter hypothesis (Porter, 1991). This hypothesis implies that levying stringent 
environmental regulations on firms enhances their productivity compared to competi-
tors not subject to, or subject to lax, environmental regulations. A central message is 
that the connection between environmental regulation and competitiveness should be 
scrutinized within a dynamic framework (Porter and van der Linde, 1995).  
 
The main objective of this paper is to test the Porter hypothesis by assessing static and 
dynamic effects of environmental policy on productivity within the Swedish manufac-
turing industry, specifically on the component total efficiency.8 The paper adds mainly 
to previous literature by using unique data on environmental protection investments, 
divided into investments in pollution control9 and pollution prevention, as a proxy for envi-
ronmental regulation. The distinction between these types of investments is crucial to 
the understanding of the outcomes anticipated by the Porter hypothesis.   
 
The international literature studying the Porter hypothesis is extensive. A comprehen-
sive review reveals that neither theoretical nor empirical literature gives general sup-
port for the hypothesis (Brännlund and Lundgren, 2009). We argue that, to some ex-
tent, the Porter hypothesis has not yet been given a fair chance in the empirical litera-
ture, as dynamic effects are often neglected in empirical tests. Two exceptions are 
Managi et al. (2005) and Lanoie et al. (2008), who first estimate Total Factor Produc-
tivity (TFP) scores that then are used as dependent variables in regression analyses 
where explanatory lagged environmental stringency measures model dynamic effects. 
A disadvantage with these studies is, however, that environmental stringency is ap-
proximated by the cost of complying with environmental command- and-control 
regulations, such regulations are not emphasized by the Porter hypothesis.   
 
                                                      
6 For example, Byung and Sickles (2004) studied 17 OECD countries from 1980 to 1990 and found that Sweden 
showed a relatively high productivity growth on average due to technological development and efficiency 
improvement. The reason for the productivity growth was that Sweden reduced CO2 emissions at the same time 
as the GDP increased (p. 580). However, their study does not really say anything about whether the efforts of 
reducing CO2 actually contributed to the GDP growth. 
7 For instance, the Confederation of Swedish Enterprise claims that such a policy will cause dramatic changes in 
industry structure, and fears that Swedish industry will suffer considerable costs and lose competitiveness 
(Resvik and Furbeck, 2005). 
8 To better comply with the Porter hypothesis, we decompose total efficiency into two components, technical 
and management efficiency (hence the “total”). This composition is discussed in Section 2. 
9 Porter and van der Linde (1995) use the term pollution control which is synonymous to pollution treatment.  
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The empirical test of the Porter hypothesis is performed as a two-step procedure, 
where total efficiency scores are first estimated by adopting a stochastic production 
frontier function approach. In the second step, the efficiency scores are used as the 
dependent variable in random effects regression analyses, where the independent vari-
ables are, e.g., investment in pollution control and pollution prevention. In order to 
assess whether these investments have dynamic effects on total efficiency these vari-
ables are also lagged. If positive effects are established we cannot reject the claim that 
environmental leadership will benefit the Swedish industry.10 The estimations are 
based on firm level data from five Swedish industries for the period 1999-2004, and 
carried out for the pooled data as well as for the industries separately. 
 
The paper is structured as follows. Section 2 describes the Porter hypothesis and how 
it relates to productive efficiency, and gives a discussion on previous literature. The 
theoretical framework for computing total efficiency is provided in Section 3, and 
Section 4 presents the empirical approach to estimating this efficiency. Then, a general 
model for the actual test of the Porter hypothesis is suggested. The data is described 
in Section 5, while the empirical results are presented in Chapter 6. Finally, Section 7 
concludes the paper. 
 
 
                                                      
10 Even if a positive relationship is found, improved total efficiency, resulting in increased competitiveness and 
profits, does not necessarily fully offset the initial costs of adapting to regulations.   11 
2. The Porter hypothesis and previous analyses  
2.1 The Porter hypothesis 
Porter and van der Linde (1995) claim that the commonly argued conflict between the 
economy and the environment derives from a static view of environmental policy 
measures and markets characterized by perfect information. Perfect information im-
plies that the opportunities for profitable investments and innovations are discovered 
so that the firms always make optimal choices. These choices also include investments 
in pollution reduction. Hence, in a static world, with no market failures other than 
environmental externalities, environmental regulations will unavoidably lead to im-
paired productivity. Porter and van der Linde instead suggest a dynamic approach to 
viewing environmental regulation and competitiveness. They claim that the possibili-
ties for dynamic competition are characterized by, e.g., technological possibilities, 
highly incomplete information, and organizational sluggishness (p. 99). Environmental 
policies based on market incentives, such as taxes, deposit-refund schemes, and trad-
able permits (p. 111), make firms aware of their non-optimal choices of technologies 
and use of production resources. Consequently, firms adapt continuously to the regu-
lations, which then ultimately have positive dynamic effects on productivity and com-
petitiveness. The resulting competitive improvement will generate revenues that even-
tually will offset, or even, exceed the initial costs of complying with the regulations. 
Hence, given that the revenues exceed the costs, the hypothesis is often regarded as a 
“win-win” hypothesis, as it suggest that firm profits increase via improved competi-
tiveness at the same time as the environment improves. 
 
The very heart of the Porter hypothesis is that firms operating under proper and strin-
gent environmental regulation apply themselves continuously to innovative activities 
that improve resource productivity (Porter and van der Linde, 1995). Innovation can 
be interpreted in terms of environmental investments. Specifically, they argue that 
regulations should encourage investments in product and process changes (pollution 
prevention) to better utilize resources rather than investments in end-of-pipe or sec-
ondary treatment (pollution control), which is more costly (p. 111).  
 
In the present paper, we start out from the literature on productive efficiency when 
interpreting and testing the Porter hypothesis.11 This allows us to interpret changes in 
firm productivity resulting from changes in efficiency and/or from technological de-
velopment. Based on Figure 1, we discuss our interpretation of how environmental 
policy according to the Porter hypothesis improves a firm’s productivity and thus 
competitiveness. 
                                                      
11 For a general introduction to this literature, see, e.g., Coelli et al. (2005), Kumbhakar and Lovell (2000), and 
Grosskopf (1993).  
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Assume a manufacturing sector during the periods t and  1 + t . The technology set of 
the sector, 
t T , bounded by its frontier technology, 
t f (.) , is defined by all possible 
combinations of output quantities (Y ) and input quantities ( X ) in the initial period 
t. The frontier technology is assumed to correspond to the potentially most produc-
tive technology used in the sector during period t. Furthermore, assume that a firm 
within this sector, firm 1, has a production technology 
t f (.) 1 , which differs from the 
sector’s most productive technology. The inefficient firm 1 is observed to operate at 
point A, producing 
t
A Y  by using input 
t X . The distance between point A and B re-
flects management inefficiency and the distance between point B and C reflects tech-
nical inefficiency. Management inefficiency indicates that the firm could produce more 
output given 
t X , by using its own production technology,  
t f (.) 1 , more efficiently. 
Technical inefficiency indicates that the firm could produce more output given 
t X , 
by investing in the most productive technology used in the sector during period t , 
t f (.) . 
 
To address the Porter hypothesis, we assume that firm 1 initially operates under no, or 
lax, environmental regulation. However, as stringent regulations come into force, 
firms take measures to comply with these regulations. According to the Porter hy-
pothesis, stringent environmental regulations stimulate firms to attend to organiza-
tional inertia and management problems, to invest in available technologies, and to 
develop the production process. Improving management and organization has posi-
tive effects on output, given technology, 
t f (.) 1 , and input use, i.e., management effi-
ciency is improved (e.g., moving from point A to point B). Investing in a better pro-
duction technology, 
t f (.) , refers to the movement from point B to C, and is referred 
to as improved technical efficiency.  Consequently, the environmental regulations 
have stimulated firm 1 to move its operation from the inefficient point A to, e.g., the   13 
efficient point C on the sectors technological frontier, 
t f (.) . As a result, the firm’s 
productivity is increased due to total efficiency having increased, in this case both due 
to improved management efficiency and technical efficiency. Accordingly, the firm is 
now more competitive as it, given a certain input quantity, e.g., 
t X , has increased 




C Y Y .  
 
Finally, developing the production process refers to technology development in gen-
eral over time, and requires amongst others R&D. This is, in Figure 1, manifested by 
the shift of the sector’s frontier technology from 
t f (.)  to 
1 (.)
+ t f . Note that if firm 1 
chooses to keep its technology, 
t f (.) , in period  1 + t , and still operate at point C, it 
would again be interpreted as producing technically inefficiently (the distance between 
C and D). By again investing in a better technology, this time in 
1 (.)
+ t f , the firm 
could increase its production further to 
1 + t
D Y , and total efficiency is again achieved. 
 
Total efficiency should be interpreted as a measure of how firm performance relates 
to a reference technology (a frontier) at a certain point in time, and not as a measure 
of the absolute relation between outputs and inputs. For instance, even if the firm is 
producing more output in period  1 + t  than in period t, given a certain input quan-
tity, this does not necessarily imply that the firm has become more efficient in total, 
since the reference technology might have shifted.  
 
Finally, dynamic effects are usually interpreted in terms of technological development. 
Yet, there may also be dynamic effects on total efficiency. If the firm responds to 
environmental regulations by making environmental protection investments, which in 
turn may have positive effects on total efficiency over time, the regulations indirectly 
generate dynamic effects on efficiency. 
2.2 Previous analyses 
The Porter hypothesis has attracted a great deal of attention, theoretically as well as 
empirically. A recent literature review concludes that whether or not a Porter effect is 
found in the theoretical analyses depends on the assumptions made (Brännlund and 
Lundgren, 2009). Generally, there must be another market imperfection present in 
addition to the environmental problem, which is indirectly corrected when producers 
adapt to environmental regulation. Crucial to the Porter hypothesis is then that such 
situations must be common, and that regulating authorities must know about them ex 
ante. However, conclusions that are based on theoretical models are hardly complete 
in the view of the Porter hypothesis. Incorporating all arguments of the hypothesis, 
and modeling the interplay between all relevant factors, is difficult in a neoclassical 
setting. Therefore, the question of whether there is any relevance of the Porter hy-
pothesis is empirical in nature.  
 
Most empirical research adopts approaches that, at best, can say something indirectly 
about a so-called ‘weak’ Porter effect, i.e., producer benefits that, at the least, partly 
offset the costs of adapting to environmental regulations. The majority of this re-
search can be divided into analyses that study the effects on investment, innovation, 
and R&D and analyses that study the effects on efficiency and productivity.  
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Brännlund and Lundgren (2009) conclude that there is “a lack of strong evidence for the 
existence of a strong Porter effect. However, it should also be noted that the literature does not provide 
‘strong’ evidence against the hypothesis either“ (Brännlund and Lundgren, 2009, p. 100).12 
 
We argue that the results from the literature should not be used to make a final gen-
eral judgment about the hypothesis. The reason for this is that the empirical tests of 
the hypothesis have hardly ever considered dynamic effects, which are most crucial. 
As far as we know, Managi et al. (2005) and Lanoie et al. (2008) are the only two peer-
reviewed studies to date that consider dynamics when studying the correlation be-
tween environmental regulation and productivity change. Also, taking dynamics into 
account is one of the most interesting and urgent future research directions, as 
pointed out by Brännlund and Lundgren (2009, p. 106). 
 
Managi et al. (2005) study oil and gas production in the Gulf of Mexico at the field 
level. Using data covering a 28-year period from the late 1960s to the late 1990s, they 
first measure components of the Malmquist output-oriented TFP index by applying 
Data Envelopment Analysis (DEA). Then, to test the Porter hypothesis, they use the 
computed TFP scores as dependent variable in a polynomial distributed regression 
model where lagged measures of environmental stringency are included as independ-
ent variables. This allows for dynamic effects of stringency on productivity change. 
They find no significant relationship between environmental stringency and produc-
tivity change or technological change; stringency proxied by the cost of complying 
with environmental regulations. Whether this result should be interpreted as not sup-
porting the Porter hypothesis is not obvious due to the command-and-control type of 
regulations imposed on the offshore oil and gas production (Managi et al., 2005, pp. 
317). Porter and van der Linde (1995) do not recommend command-and-control: 
“Environmental regulation should focus on outcomes, not technologies” (p. 110). 
 
Nevertheless, Managi et al. (2005) conclude that it is important to maintain a realistic 
view of environmental policy and its potential: “An overly naïve conviction that there exists a 
near universal potential for win-win solutions in environmental problems could be used to justify 
poorly conceived environmental policies“ (p. 318). 
 
Another study that brings dynamic effects of environmental regulation into focus is 
the one by Lanoie et al. (2008). It emphasizes the importance of extending the empiri-
cal research on the Porter hypothesis to (p. 122): (1) Are there dynamic effects? (2) Is 
the hypothesis more relevant for more polluting industries? (3) Is the hypothesis more 
relevant for industries that are more exposed to international competition? 
 
Lanoie et al. (2008) perform an empirical analysis on pooled time-series and cross-
section data for 17 Quebec manufacturing sectors 1985-1994. In a first step, they 
measure productivity change (TFP) using the Törnqvist index. In a second step they 
specify an expression that relates calculated TFP scores to environmental regulation 
variables and a set of control variables. The expression is estimated using a GLS pro-
cedure. Environmental regulation is measured as investment in pollution control 
equipment, and the authors state that it is likely to capture “command-and-control” 
measures. This means that environmental regulation is, most likely, proxied by in-
vestments in “end-of-pipe”. Nevertheless, as Porter and van der Linde (1995) do not 
                                                      
12 When “well-designed” environmental regulations result in complete cost neutralization it is referred to as “a 
strong Porter effect”. If the “well-designed” regulation leads to a cost outcome that is lower than the second 
best regulatory alternative it is referred to as “a week Porter effect” (Brännlund and Lundgren, 2009, p. 82).   15 
really argue for these types of measures, i.e., “Regulations should encourage product and 
process changes to better utilize resources and avoid pollution early, rather than mandating end-of-pipe 
or secondary treatment, which is almost always more costly“ (p. 111), it is not obvious what to 
expect regarding effects on productivity. Also, as Lanoie et al. (2008) put it: “[…], our 
proxy could be biased against the PH (Porter Hypothesis)” (p. 123). However, their results 
show that static and dynamic effects of investment in pollution-control equipment on 
TFP are negative and positive, respectively. Additionally, the dynamic effects are 
stronger in industries that are more exposed to international competition. 
 
Two recent analyses have tested the hypothesis on Swedish manufacturing data, al-
though they did not test for dynamic effects. Brännlund (2008) uses a two-step model 
where TFP, measured by the Törnqvist index, is first calculated. Then TFP is used as 
dependent variable in a regression analysis, where a constructed regulatory intensity 
index is explanatory. There does not seem to be a relationship between environmental 
regulations and productivity growth. This could, according to the author either imply 
that regulations and productivity are unrelated or that the regulatory measure is not 
capturing regulation correctly. Brännlund and Lundgren (2009) use a factor demand 
model for the industry where a profit function, with a technology component depend-
ent on the firm-specific tax on carbon dioxide, was specified (see also Brännlund and 
Lundgren, 2008). The results indicate that there is a reversed Porter effect in the en-
ergy-intensive industries. According to the authors, this could either imply that a 
tighter regulation that leads to environmental investments crowds out productive in-
vestments or that the model does not capture the true effects. 17 
 
3. Efficiency – A stochastic frontier framework  
Referring back to Figure 1 and the discussion on firm performance, we adopt a sto-
chastic production frontier approach to estimate total efficiency scores.13 Formally, let 
+ ℜ ∈ y  and 
N
N x x x + ℜ ∈ = ) ,..., ( 1  be the produced output and a vector of inputs 
used, respectively. Then, for observation i, the stochastic production frontier func-




i i i i u v nx f ny − + = α ; l l ,  0 ≥
i u ,   (1) 
 
where α is a vector of production technology parameters to be estimated, and 
i i i u v − = ε  is the error term that is composed of a two-sided noise component, 
i v , 
and a non-negative total inefficiency component, 
i u . In this case, inefficiency is re-
ferred to as being output-oriented; i.e., it measures to what extent output can maxi-
mally be increased for a given input vector. Specifically, production is efficient on the 
technological frontier when  0 =
i u  and inefficient beneath the frontier when 
0 >
i u . 
 
The noise component is assumed to be  ) , 0 ( ~
2
v
i N iid v σ  and distributed independ-
ently of the inefficiency component, which in turn is assumed to be 
) , 0 ( ~
2
u
i N iid u σ
+ . In other words, the distribution of the inefficiency component 
of the error term is assumed to be non-negative and half normal. Finally, 
i v  and 
i u  
are distributed independently of regressors, 
i x  (Kumbhakar and Lovell 2000, p. 74).  
 
As 
i u  in equation (1) is an inefficiency component, a recalculation is made to obtain 




i i u TE − = exp ,   1 0 ≤ <
i TE    (2) 
 
Then, production is efficient in total if  1 =
i TE  and inefficient if  1 0 < <
i TE . In the 
latter case, the interpretation is that if 
i i TE γ = ,  1 0 < <
i γ , production could be 
increased by  100 ) 1 1 ( ⋅ − γ  percent, to achieve maximum output from given inputs. 
The 
i TE  variable in equation (2) constitutes the dependent variable in the empirical 
regression model used to test the Porter hypothesis. 
 
                                                      
13 We decompose total efficiency into two components, technical and management efficiency, the latter allows 
firms to organize and run businesses inefficiently (see Figure 1 in Section 2). 
14 Regarding stochastic frontier analysis, and the discussion in this section, see also, e.g., Coelli et al. (2005) 
and Greene (2008a, 2008b). 19 
 
4. The estimated model 
The empirical approach used to test the Porter hypothesis is a two-step procedure, 
where the first step involves estimation of total efficiency scores according to equa-





gressed on a set of explanatory variables, e.g., environmental protection investment 
variables.16 The variances of the parameter estimates of the investment variables are 
then the basis for the hypothesis tests. 
4.1 The first step – The stochastic production frontier 
model 
First, stochastic production frontier estimations are conducted to generate total effi-
ciency scores. In this case, the production function is parameterized using a flexible 
translog specification, which, for producer k  and time period t, in the case of one 





























 .    (3) 
 
This expression satisfies symmetry, i.e.,  21 12 α α = , and is estimated by using the sto-
chastic frontier regression option in LIMDEP (Version 9.0 Reference Guide). Then, 
in line with equation (2), total efficiency scores,  1 0 ≤ <
∧ kt
TE , are obtained. 
4.2 The second step – The Porter hypothesis test 




, are used as the dependent 
variable in a regression model, which includes several explanatory variables in order to 




. A general guideline is that 
variables that are exogenously given to the producer belong to the second step (Lov-
ell, 1993, p. 53). In this analysis, it is assumed that firms’ environmental protection 
investments are enforced by exogenously given environmental regulations. 
 
A general model for testing the Porter hypothesis is formulated as follows: 
 
                                                      
15 As Lovell (1993, p. 53) puts it: “[…] the scores make attractive dependent variables in a second-stage 
regression analysis. Results of this second-stage analysis can help guide public policy […]”. 
16 First we tried to estimate the two steps simultaneously as a Battese and Coelli panel model, available in 
Limdep Version 9.0. However, the estimations did not converge, possible due to insufficient variation in data. 20 
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− ,  is a vector of contemporaneous (t) and lagged ( j t − ) variables regard-
ing firm k’s investment in pollution prevention in period t, and 
j t kt
PC I
− ,  is a vector of 
contemporaneous and lagged variables regarding investments in pollution control. 
Accordingly, the contemporaneous variables allow us to test whether there are any 
static effects of the investments on total efficiency, and the lagged variables whether 
there are any dynamic effects. Furthermore, 
kt W  is a vector of other variables that 
might affect efficiency (described in Section 5). In particular, it should be noted that 
we control for technological development through year dummies. This is important 
for our purpose as efficiency is measured as the distance to a reference technology 
frontier that may shift over the years. The last term on the right-hand side, 
kt η , is an 
error term that is assumed uncorrelated with all other right-hand side variables, in 
time, and across firms. Estimations are carried out using a random effects regression 
approach, and t-tests on the estimated parameters of pollution prevention, ω ˆ , and 
pollution control, ψ ˆ , are then performed in order to evaluate the validity of the Por-
ter hypothesis.  
 
Which signs of the estimators in equation (4) can we expect? Regarding investments in 
pollution prevention, ω ˆ , from an economic theoretical perspective we expect a nega-
tive sign in the short run, i.e., a negative contemporaneous effect on total efficiency. 
Also, Porter and van der Linde (1995, p. 98, pp. 107) do not rule out short-run costs 
for firms to comply with environmental regulation. A significant positive (or even 
non-significant) sign would, however, not contradict the Porter hypothesis. Yet, the 
testing of the hypothesis should focus mainly on the lagged effects of investments in 
pollution prevention. In the long run, the hypothesis suggests a significant positive 
sign, i.e., a positive dynamic effect on efficiency. The hypothesis test is H0: ωt-j > 0 and 
HA: ωt-j ≤ 0. Thus if ωt-j > 0 we do not reject the Porter hypothesis and if ωt-i ≤ 0 we 
reject the Porter hypothesis. 
 
Regarding investments in pollution control, ψ ˆ , from an economic theoretical per-
spective we expect a negative sign in the short run. The Porter hypothesis is less clear 
when it comes to this type of investment. It argues that methods such as imposing a 
specific technology by command-and-control should be seen as a last resort (Porter 
van der Linde, 1995, p. 110, Footnote 13), and that commanding end-of-pipe solu-
tions are, in most cases, more costly than pursuing pollution prevention policies (p. 
111). In that case, investments in pollution control contribute less to efficiency than 
do investments in pollution prevention. This would imply smaller positive dynamic 
effects on total efficiency 
 
   21 
5. Data 
5.1 Descriptives 
The data has been created by matching two different official surveys collected annu-
ally by Statistics Sweden: (1) industrial economic statistics; and (2) the industries’ envi-
ronmental protection expenditures. Both surveys are collected on the firm level. The 
data covers the period 1999-2004. We have restricted the analysis to the following 
industries: Wood and wood products (NACE 20), Pulp and paper (NACE 21), 
Chemicals (NACE 24), Rubber and plastics (NACE 25), and Basic metals (NACE 27).  
 
First, to obtain firm level total efficiency scores, stochastic production functions are 
estimated based on inputs and a single output. The output, y, is measured as value 
added, and each firm uses capital, x1, and labor, x2, as inputs.17 Capital is the net capital 
stock of machines and inventories measuring assets after write-offs18, and labor is total 
employment, measured in number of employees. Then, to test the Porter hypothesis, 
the efficiency scores are regressed on environmental protection investments variables 
and relevant control variables, in accordance with the model in equation (4). Envi-
ronmental protection investments, deflated from current to fixed prices by CPI, are 
measured as share of total variable cost in order to control for the fact that large firms 
might have relatively large environmental protection investments.  
 
The control variables are, besides year dummies that control for time specific effects 
such as technological development and sector dummies, business cycle and gross invest-
ments (normalized with total variable cost). As a proxy for business cycle the capacity 
utilization rate is used.19 Since efficiency is likely to vary with business cycles, e.g., de-
crease in booms due to adjustment costs in expansion of production, a negative sign is 
expected. Gross investments are included as all kind of investments are expected to 
influence efficiency negatively in an initial phase. For instance, it usually takes time to 
install machinery and to get it to run properly, a negative sign is thus expected. Table 1 
provides descriptive statistics, on variables related to the first and second step of the 
analysis, in terms of averages over the years 1999-2004.  
 
The Chemicals, Pulp and paper, and Basic metals industries are much larger than the 
Wood and wood products and Rubber and plastic industries. The Chemicals industry 
produces the highest valued added, roughly SEK 884 million, and Pulp and paper is 
the most capital intensive. Furthermore, compared to variable cost, gross investment 
is highest in the Chemicals and the Pulp and paper industries, nearly 11 percent and 
10 percent, respectively. The others come close to 5-6 percent. Finally, Pulp and paper 
also distinguishes itself from others with respect to environmental protection invest-
ments which, as a share of total variable cost, are 2.3-5.2 times higher. Overall, envi-
                                                      
17 Implicit deflation factors have been derived from national account series of sector-specific value added in 
current and fixed prices. The national accounts use different deflation factors when transforming current prices 
to fixed prices (i.e., the production values are deflated with producer price index and the input values are 
deflated by the factor price index).  
18 Since the write-offs reflect the annual loss of economic value in fixed assets, we have not deflated the net 
capital stock explicitly. 
19 The capacity utilization rate is an average for the sector. Insufficient demand is the main reason for not 
utilizing full capacity (Swedish National Institute of Economic Research, 2010). 22 
 
ronmental protection investments are small in relation to total variable production 
costs. 
Table 1. Descriptive statistics  























































































Env. inv. as percent 











Number of obs.  279  304 289  223 199 
 
5.2 Environmental protection investments 
Data on environmental protection investments is collected through annual surveys to 
firms with at least 20 employees.20 Samples of roughly 1,000 firms are drawn from a 
population of 4,500 firms, and firms with at least 250 employees are surveyed each 
year. The overall response rate was around 60 percent in 1999 and 2000; then it in-
creased to 88-91 percent in the period 2001-2004 (Statistics Sweden, 2001; 2002; 2003; 
2004; 2005).21 
 
According to the internationally agreed definition, environmental protection invest-
ments include “…all capital expenditure related to environmental protection activities (involving 
methods, technologies, processes, equipment or parts thereof), where the main purpose is to collect, treat, 
monitor and control, reduce, prevent or eliminate pollutants and pollution or any other degradation of 
the environment, resulting from the operating activity of the company” (Eurostat, 2001). Envi-
ronmental protection investments are divided into pollution prevention and pollution 
control. Investments in pollution prevention comprise “capital expenditures for new or 
adaptation of existing methods, technologies, processes, equipment designed to prevent or reduce the 
amount of pollution created at the source” (Eurostat, 2001). Investments in pollution control 
are “capital expenditures for methods, technologies, processes or equipment designed to collect and 
remove pollution and pollutants after their creation, prevent the spread of and measure the level of the 
pollution, and treat and dispose of pollutants” (Eurostat, 2001). Environmental protection 
investments are further divided into environmental domains (air, water, waste, and 
                                                      
20 See Olsson and Eberhardson (2003) for an evaluation of the environmental protection expenditures from a 
data quality and collection perspective, and for an English version of the questionnaire.  
21 The response rate is typically lower for firms with fewer than 250 employees. The high response rate from 
2001 and onwards reduces the risk for sample selection problems, and is due to the fact that the survey 
became better known among the responding firms, and that some of the questions became compulsory.    23 
other). Hence, the survey data set is unique in terms of detailed and comprehensive 
investment data on the firm level. A big drawback is, however, that investments aim-
ing at reducing carbon dioxide emissions are not systematically covered in the survey. 
Figure 2 gives an overview of the categorization, including specific examples of in-
vestments. 
Figure 2. Description of firms’ investments 
Firms’ investments
Investments for environmental protection Other investments
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Source: Eurostat (2001) and own work. 
 
Table 2 shows the environmental protection investments, divided into pollution pre-
vention and pollution control, per sector and environmental domain.22 The Wood and 
Rubber and plastics industries have smaller mean investments and the Pulp and paper 
industry has higher mean investments, irrespective of environmental domain.23 The 
mean investments in pollution control are generally higher than the mean investments 
in pollution prevention.24 Broadly speaking, the patterns of environmental protection 
investments between industries can be explained by different (mean) firm sizes in the 
respective industries and that the industries can differ when it comes to which envi-
ronmental problems they need to solve and which technologies are best suited for 
                                                      
22 About 40 percent of the environmental protection investments, in monetary terms, are made to control or 
prevent air pollution. Table A1 in Appendix exemplifies these investments for the industries in the analysis. 
23 With the exception of other investments in pollution control, which are higher for the Wood, Chemicals and 
Basic metals industries than for the Pulp and paper industry. 
24 With the exception of water investments in the Wood industry, air investments and other investments in the 
Pulp and paper industry, and other investments in the Rubber and plastic industry where mean investments in 
pollution prevention are higher.  24 
 
dealing with these problems. Moreover, we cannot rule out that the industries to some 
extent face different regulation. 
Table 2. Environmental protection investments (1000 SEK)  
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Total number of obs.  279  304 289  223 199 
 
Porter and Van der Linde (1995) specifically mention market-based policy instruments 
and that regulation should be neutral with respect to what technology each firm can 
choose in order to reduce their environmental burden. Regulation of air emissions in 
Sweden is, to a significant degree, in line with what Porter and Van der Linde (1995) 
consider a dynamically efficient regulation, i.e., a regulation that can create productiv-
ity gains that offset the costs of regulation. The nitrogen oxides (NOx) charge and the 
sulfur tax are two important market-based policy instruments that are used to reduce 
pollutants.25 All analyzed industries face the sulfur tax, which is levied on oil with a 
sulfur content exceeding 0.1 percent by weight. The NOx charge is imposed on plants 
with furnaces with useful energy production26 exceeding 25 GWh per year, which in 
the analyzed sample are most common in the Wood and wood products, Pulp and 
paper, and Chemical sectors. However, there are also elements that are not in line with 
dynamically efficient regulation. Pollution prevention investments related to the ex-
change of cooling material in cooling systems are relatively common, and are regulated 
by command-and-control.27 In 2002, investments related to cooling material equaled 
                                                      
25 Since 1991, Sweden has had a CO2 tax that is also considered dynamically efficient. 
26 Useful energy can be steam, hot water, or electricity produced in a boiler and used in production processes or 
heating of factory buildings. After deducting administrative costs (1 % of the revenues), the revenues are 
refunded to the same sources that paid the charge, but in proportion to output of useful energy. 
27 During the period studied, the use of cooling material was regulated by the Swedish EPA’s promulgation on 
cooling material (SNFS 1992:16), which qualifies as a command-and-control type of regulation.    25 
15 percent of total pollution prevention investment expenditures related to air; yet in 
2003-2004, they had decreased to 1-2 percent. 27 
 
6. Results 
As described in the previous sections, we adopt a two-step procedure to test the hy-
pothesis that environmental regulations improve firms’ total efficiency. First, to esti-
mate efficiency scores, we adopt a stochastic production frontier approach.28 Second, 
we test whether the estimated efficiency scores are significantly correlated with in-
vestments in pollution control and pollution prevention using a linear random effects 
regression method. The results presented in this section are based on three different 
models. The models differ in how static and dynamic effects of environmental regula-
tion, through environmental protection investments, on total efficiency are captured. 
In Model 1, environmental protection investments are included as an average of the 
last three years, i.e., the investment variable for year t is defined as [inv(t) + inv(t-1) + 
inv (t-2)]/3. Thus, in this case, the investment variable does not distinguish between 
static and dynamic effects and we cannot properly test the Porter hypothesis. In 
Model 2, environmental protection investments are instead divided into two variables 
that separately capture static and accumulated dynamic effects of regulations, i.e., inv(t) 
and [inv(t-1) + inv(t-2)]/2, respectively. Finally, Model 3 further divides the dynamic 
effects into separate years: inv(t) captures the static effect and inv(t-1) and inv (t-2) cap-
ture the dynamic effects of environmental regulation. 
6.1 Analysis on manufacturing - Aggregated environmental 
protection investments 
Table 3 provides the results from estimating Models 1 to 3 on a pooled data sample 
for the included industries. Industry-specific effects on total efficiency are captured by 
dummies. 
 
The results give no support for the Porter hypothesis. None of the models show any 
significant correlation between environmental protection investments and total effi-
ciency. However, investments in pollution prevention have the signs expected from 
the Porter hypothesis. The estimates of the control variables business cycle and gross in-
vestments show the expected signs. The estimates of the time dummies indicate techno-










                                                      
28 Table A2 and A3 in Appendix provide the parameters of the estimated production functions and the efficiency 
scores, for all sectors pooled together and for each sector separately, respectively. 28 
 
Table 3. Test of the Porter hypothesis on manufacturing; linear random effects29 
Estimate (t-value)   
 
Independent variables  Model 1  Model 2  Model 3 
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(0.22)   
0.64 
(0.92)  0.64 
(1.31) 
Number of observations  524 524 524 
Lagrange multiplier test for 
rem/fem over OLS 
**120.22  **121.60  **122.53 
R2  0.24 0.24 0.24 
••: Significant at the 5 percent level; 
•: Significant at the 10 percent level 
6.2 Analysis on manufacturing - Environmental protection 
investments separated into environmental domains 
Support for the Porter hypothesis should first and foremost be expected in environ-
mental domains that are subject to incentive-based policy measures, which in Sweden 
mainly involves air. To further see whether we can find any statistically significant 
support for the Porter hypothesis, the environmental protection investments are di-
vided into the domains air, water, waste, and other; see Models 1 and 2 in Table 4.30 
 
Model 1 shows that none of the average environmental protection investment vari-
ables are significant, with the exception of investment in waste pollution prevention. 
As model 2 shows, the accumulated dynamic effect of investments in air pollution 
control is statistically significant. For waste, there is a statistically confirmed positive 
correlation between investments in pollution prevention and efficiency, implying that 
we cannot reject the Porter hypothesis in this case. We can however conclude that the 
results give no general support for the Porter hypothesis. Finally, the estimates of the 
control variables business cycle and gross investments show the expected signs. 
                                                      
29 To save space, the estimates of the sector specific effects on total efficiency are omitted.  
30 Model 3 was excluded due to the lack of degrees of freedom.    29 
 
Table 4. Test of the Porter hypothesis on manufacturing – separating invest-



































••: Significant at the 5 percent level; 
•: Significant at the 10 percent level 
                                                      
31 To save space, the estimates of the sector specific effects on efficiency are omitted.  
Estimate (t-value)   
Independent variables  Model 1  Model 2 




















Gross investments to total vari-










Air average period t-1and t-2 
 
-1.33 
(-0.88)  *-2.55 
(-1.68) 
Pollution prevention 




Air average period t-1and t-2 
 
1.19 
(0.68)  1.12 
(0.77) 
Pollution control 




Water average period t-1and t-2 
 
0.39 
(0.31)  0.30 
(0.30) 
Pollution prevention 


























Waste average period t-1and t-2 
 
*6.35 
(1.94)  *4.29 
(1.85) 
Pollution control 




Other average period t-1and t-2 
 
-0.72 
(-0.19)  -2.04 
(-0.70) 
Pollution prevention 
Other period t 
0.76 
(0.10) 
Pollution prevention  
Other average period t-1and t-2 
 
6.05 
(1.20)  4.60 
(1.34) 
Number of observations  524 524 
Lagrange multiplier test for 
rem/fem over ols 
**113.04  **108.32 
R
2  0.25 0.26 30 
 
6.3 Sector-specific analysis – Environmental protection 
investments separated into environmental domains 
To bring yet another dimension into the study, we test the Porter hypothesis in each 
sector separately. As argued in Lanoie et al. (2008, p. 121), the Porter hypothesis is 
more relevant for sectors that are comparatively more exposed to international com-
petition, such as Pulp and Paper, Chemical and Basic Metals.32 Table 5 presents the 
results of Model 2.33 As with the pooled data in sections 6.1 and 6.2, environmental 
protection investment generally does not have any significant effect on total efficiency. 
However, by analyzing each sector separately, a few exceptions are found in the indus-
tries that are more exposed to international competition. Investments in other pollu-
tion control have a negative direct effect on efficiency in the Pulp and paper industry. 
Investments in air and water pollution prevention have a negative direct effect on 
efficiency in the Basic metals industry. Yet, the hypothesis test should focus mainly on 
the lagged effects of investments in pollution prevention, i.e. dynamic effects. The 
only result where we cannot reject the Porter hypothesis concerns investments in 
waste pollution prevention, as they have a positive dynamic effect on efficiency in the 
chemical industry. That the results differ between industries is natural since their envi-
ronmental influence and the regulations they face also differ; see Section 5.2. The 
estimate of the control variable gross investments shows the expected sign. 
 
To sum up, we find no general significant effect of environmental protection invest-
ments on total technical efficiency. The most comparable study, i.e., Lanoie et al. 
(2008), found that investments in pollution control affect TFP negatively first and 
positively with a lag. This effect is not supported by our result.  
 
  
                                                      
32 They measure exposedness to international competition as exports + imports/total shipments. 
33 Since business cycle is measured at the sector level, it is excluded from the analysis. Also, the Rubber and 
plastics industry is excluded due to lack of variation in environmental protection investment variables.   31 
Table 5. Test of the Porter hypothesis on the industry level; linear random 
effects model 
••: Significant at the 5 percent level; 
































































































































Water average period t-1and t-2 
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Number of observations  107 150 121  84 
Lagrange multiplier test for 
rem/fem over ols 
**22.46  **21.25  **35.39 0.00 
R
2  0.27 0.32 0.33 0.46 32 
 
6.4 Discussion 
In general, we find no support for the Porter hypothesis. One explanation is that there 
simply is no Porter effect and no relation between environmental protection invest-
ments and firm efficiency. Another possible explanation is that the relative size of the 
firms’ environmental protection investments to total variable cost (and total invest-
ments) is very small. This could reflect rather lax environmental regulations. However, 
even if regulation has an effect on efficiency the relative small size of environmental 
investments makes it difficult to statistically isolate the effect. A third reason as to why 
we find no effect on firm efficiency could be that the effect occurs with a longer time 
lag than we are able to study. 
 
There are other problems related to the interpretation of the test results. Environ-
mental investment might not be the best proxy for environmental regulation strin-
gency, and there are at least two causes as to why stringency might be overstated: 1) 
Firms might voluntary choose to invest in the environment since it could be profitable 
to have an environmental image on a market where consumers are becoming increas-
ingly aware of the environment. In this case there is not necessarily a need for envi-
ronmental regulation in order for firms to invest. In that case, environmental invest-
ments do not necessarily reflect regulation stringency; 2) There might be some incon-
sistencies in the survey material due to difficulties in separating environmental invest-
ments from other investments. The reason for this is that environmental investments 
include both pure environmental investments and the share of regular investments 
that is motivated by environmental regulations. This effect might be reinforced as it is 
up to the firms to decide how much of a regular investment that is environmental. 
One example is that it seems to have been difficult to separate water investments in 
pollution control from regular investments. Some of the industries, e.g., Pulp and 
paper, Chemicals, and Basic metals, have closed-loop systems where waste water is 
purified to be reused in the production process (i.e., polluted water is not emitted). 
Investments in closed-loop systems are motivated by profitability and not by envi-
ronmental regulation, and should therefore be considered as regular investments. The 
data indicate that such investments have been included as environmental protection 
investments and, again, environmental investment will therefore not correctly reflect 
regulation stringency 
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7. Concluding remarks 
Swedish environmental policy emphasizes the importance of “taking the lead”. The 
argument to lead relates to the so-called Porter hypothesis, which suggests that a 
country that pursues a relatively strict environmental policy can improve its competi-
tiveness and therefore obtain higher growth. Using data on environmental protection 
investments for the Swedish industry, this paper provides a new approach to test the 
Porter hypothesis. Based on a two-stage approach, firms’ total efficiency in produc-
tion is first estimated using a stochastic production frontier function approach. Then 
the formerly estimated efficiency scores are used as the dependent variable in linear 
random effects regression analyses, where investments in environmental protection 
are included as independent variables. We extend previous analyses by using a unique 
data set that enables us to separate environmental protection investments into pollu-
tion prevention and pollution control, and into different environmental domains (air, 
water, waste, or other).  
 
The Porter hypothesis suggests that investments in pollution prevention are better 
than investments in pollution control, since investments in prevention have positive 
dynamic effects on firm performance. Our data thus allow for a more proper test of 
the hypothesis than in previous literature. In general, we find no support for the Por-
ter hypothesis. There could be several reasons for this: 1) There is simply no Porter 
effect and no relation between environmental protection investments and firm effi-
ciency; 2) the size of the firms’ environmental protection investments is small relative 
to total variable costs (and to total investments), which could be due to rather lax 
environmental regulation. However, even if regulation has an effect on firm efficiency, 
it might be statistically difficult to isolate the effect of regulation from the effects of 
other much larger non-environmental investments; 3) the potential effect of environ-
mental protection investment occurs with a longer time lag than we have been able to 
study.  
 
A source of misinterpretation of the Porter hypothesis tests run here is that environ-
mental protection investment might not be a good proxy for environmental regulation 
stringency. For instance, the data set analysed indicate that some non-environmental 
investments are included as environmental protection investments. Due to a couple of 
additional  data related problems we conclude that what seemed like the perfect meas-
ure also has flaws, and that this analysis therefore cannot be used to make a final gen-
eral judgement of the hypothesis, i.e., of whether or not environmental leadership 
pays off. 
 
The fact that we do not find any general support for the Porter hypothesis should not 
be interpreted as an argument against well-designed environmental policies. The pri-
mary motivation for stimulating firms to protect the environment is not to increase 
firm efficiency, but to decrease environmental damage originating from market fail-
ures. If environmental protection investments crowd out more productive measures 
within the company, we cannot expect firms to voluntarily invest sufficiently in envi-
ronmental protection. Hence, in order to reach the established environmental goals, 
policies that stimulate investments may be motivated. While preventive measures that 
stimulate technological innovations may be important, since they focus on measures 
taken “at the source”, they are not necessarily preferred when there are ambitions to 
reach a particular goal by a given point in time. In that case, policies that adopt treat-
ment measures of “end of pipe” character can be preferable.35 
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Appendix 
Table A1. Investments in pollution prevention and control for the category air 
Industry  Pollution prevention  Pollution control 
Wood & wood products 
NACE 20 
Connection to district heating; Furnace 
rebuilt for better burning; Flue gas opera-
tion control of furnace central; Exchange 
of cooling material in cooling system 
Scrubber; Cyclone against dust; 
Dust filter for slicing plant 
Pulp & paper  
NACE 21 
Installation of low NOx burner for oil-
heated furnace; Catalyst ex-
change/purifier; Rebuilding of bark 
furnace to improve efficiency level and to 
reduce NOx emissions; Exchange of 
cooling material in cooling system 
Modifying electricity filters; Addi-
tion of ventilators; Flue gas purify-
ing with bicarbonate as added 
ingredient; Supervision equipment 
for NOx meter 
Chemicals  
NACE 24 
Fuel Switching (e.g., cleaner fuel oil); 
Exchange of cooling material in cooling 
system 
Ventilation system; Improved air 
filtration; Installation of NOx 
meter; Thermal combustion of 
processing air VOC 
Rubber & plastics 
NACE 25 
Heat exchanger for condenser of gas 
containing VOC; Exchange of cooling 
material in cooling system 
Air purification equipment (e.g., 
enable replacement of VOC); Puri-
fication filter for heat exchanger 
Basic metals  
NACE 27 
Catalytic NOx purifier; Exchange of 
material in refrigerator; Ventilation, ex-
change of freon to water 
Dust filters for purification of 
extractor; Purchase of meter 





















Table A2. Parameters of the estimated production 
function, and the mean efficiency scores; pooled data 
sample for the included industries (t-values within 
parentheses) 
Variable  Estimate (t-value) 
Constant  **0.73 
(3.01) 
a1  **0.43 
(5.72) 
a2  **0.29 
(2.12) 
a11  **0.11 
(7.93) 
a12  **-0.12 
(-4.98) 
a22  **0.18 
(4.25) 
Lambda  **1.23 
(16.29) 
Sigma  **0.48 
(1583.89) 
Mean TE 
All sectors together 
Wood and wood prod. (NACE 20) 
Pulp and paper (NACE 21) 
Chemicals (NACE 24) 
Rubber and plastic (NACE 25) 








Log Likelihood  -559.22 
Bayesian Information Criterion  0.91 
Note: The parameters of the estimated production functions: 
a1 = ln(x1) 
a2 = ln(x2) 
a11 = 0.5*((log(x1))*(ln(x1))) 
a12 = ((ln(x11))*(ln(x2))) 
a22 = 0.5*((ln(x2))*(ln(x2))) 
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Table A3. The parameters of the estimated production functions, and the mean 
efficiency scores; the industries- analyzed separately (t-values within parentheses). 











































































Mean TE  0.73 0.71 0.71 0.84 
Log Likelihood  -57.27 -110.46  -135.44 -41.17 
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